To study chiropractic through the eyes of a mechanical engineer is to realise that there is much that is not satisfactory in the body of chiropractic theory.
The subject is truly vast, far greater than will be encompassed in this paper which can be best deal with various examples. It should be realised that virtually any fairly solid substance may be called upon as a bearing material.
It is easy to quote common examples which use rubies, wood, rubber, leather etc. as bearing materials and this diversity is only a microcosmic part of the range available.
Lubricants may also range through a vast range of solid and liquid materials from metallic lead to water. Bearings may be called upon to work at temperatures from near zero to the incandescent. Ladings on bearings may range from a few grams per sq cm to tonnes per sq cm.
The speed of lubricated surfaces is the other factor and this may range beyond the wide limits of the slow pointer of a gas meter to the spindle of a turbo charger.
The range of applications is so vast that it is only with many years of experience, experiment and observation that an individual may gain an imperfect knowledge of what may work under any given conditions.
With such a galaxy of possibilities, it is not feasible to set forth a table of rules of the behaviour of lubricated bearings for which there will be no absolute exceptions.
Nevertheless, the following statements adequately describe the basic principles of bearing-functionality (2).
1. With correct design a lubricated bearing is made of materials opposing each other, carrying a load, having relative movement and separated by a film of a lubricating substance suitable for the purpose.
2. The purpose of a lubricant is to prevent intimate contact of the bearing materials.
3. The maintenance of the film of lubricant can be achieved by any or a combination of several factors:
(a). The film strength of the lubricant.
(b). The pressure of lubricant generated by movement of the bearing surfaces. It should be noted that factor 3(a) would have the effect of increasing frication in the bearing. Only in special cases is film strength increased without an increase in friction.
When the lubricating film breaks down there is
intimate contact of the bearing surfaces. Combined with constant movement and normal loading there is generation of heat and bearing failure. Bearing failure usually involves the softer bearing material seizing to the harder material and tearing away the bearing surface.
In those cases where the bearing surfaces are of the same material, a bearing failure will involve the mutual fusion of the bearing surfaces with total loss of the original parting line.
5. Where there is little movement and the pressure per unit area is very great, the same result will occur should the film of lubricant break down. To apply these facts to the spine we must consider synovial joints as mechanical bearings. Basically a synovial joint is an articulation of a pattern common to all vertebrates, where the load bearing surfaces are enclosed in a sac of lubricating fluid. The articular surfaces consist of articular cartilage, a blue white or yellowish material of about the hardness and general characteristics of many common plastic materials. (4) When in the pristine state the articular surfaces are smooth like highly polished metal even under high magnification. The articular surfaces are made up of fibres and cells. The cartilage is mainly aneural and avascular being nourished by the synovial fluid which is exuded from the walls of the joint capsule. This fluid also serves as the lubricant for the joint.
FIXATION OF SYNOVIAL JOINTS
The articular surface has some degree of self repair from the effects of trauma and wear. Synovial fluid is derived from the blood plasma and contains protein and a large proportion of hyaluronic acid.
It is clear watery slippery fluid with much of the characteristics of soapy water and would appear to have very film strength.
The amount of synovial fluid in joints is quite small. An example is the knee joint, normally estimated to have about 2 ml of fluid within the joint capsule.
To lubricate the bearing (or synovial joint) surfaces with such a small amount of fluid, it is necessary that the bearing areas must constantly change with motion so that freshly lubricated surfaces are brought into contact. If large areas of the load bearing surfaces were in intimate contact the lubricant would be forced out from between them by any constant load. Without a relief of load there is no way the lubricating film can be re-established. The hip is one joint which depends upon relief of load for its lubrication.
By examining and marking the bearing surfaces on the human skeleton it should be found that only a small proportion of the available bearing surface is actually carrying the load at any one time. As an example the lumbar vertebral facets are about 1 cm square but by marking in vitro, it most likely that the actual load carrying area through the rolling, sliding range of motion is only about 10 sq mm at any one time.
It is logical that the only ways in which a film of low film strength lubricant can be maintained between surfaces is to have frequent relief from load or a constant change of wetted surfaces in contact.
Synovial joints have an amazing low coefficient of friction. It is quoted as .01, being 3 times less than the friction of ice on ice, and 10 times better than the coefficient of a normal lubricated bearing. (3) This is a wonderfully low coefficient and explains why the joints can work hard for long periods with only the blood flow to act as coolant.
There is little question that this low friction is the result of three factors: low viscosity low film strength lubricant, the use of like materials as bearing surfaces, and the use of highly polished bearing surfaces.
This, while being the recipe for super low friction bearings, is also the recipe for disaster.
The use of similar materials working together is not generally practiced because of the strong tendency for the bearing surfaces to fuse together with any failure of lubrication.
The low friction characteristics of similar materials together are exploited in a few cases -notably piston engines, where a copious supply of high film strength lubricant can be assured.
The other factor which is usually accepted as a matter of course is the majority of mechanically disadvantageous leverage systems throughout the body. These bring with them very high pressures at the joints even under normal conditions.
Consider raising a 25 kg suitcase so that the elbow is at right angle (a task within the ability of most adults.)
By measurement of typical bones, we find the insertion of the biceps at 30 mm distal from the fulcrum at the elbow joint. The load would be at 300 mm from the elbow giving a 10 to 1 mechanical disadvantage. The pull of the biceps would be 250 kg and all but 25 kg of this would transmit to the articular surfaces of the elbow. These surfaces, even allowing generously for spreading under load, cannot be estimated at more than 1 sq cm. Thus we have a bearing pressure of 225 kg/sq cm, a very high pressure for a bearing performing a simple action. For exceptional action and in cases of trauma, the pressure would be vastly greater.
Such a highly stressed mechanism must by its very nature, carry the possibility of bearing failure.
Bearing failure can take only one course. THE ACTUAL FUSION OF THE ARTICULAR SURFACES AT CONTACT POINTS.
